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ABSTRACT

This report documents the history of U. S. infantry helmets from 1917 to 1971. Major
topics are presented in separate sections: Ballistic Protection, Materials Technology, Suspension
and Retention, Acoustic Characteristics, Eye Protection and Visual Field, Anthropometrics and
Mathematical Models of the Head, Wound Ballistics, and Funding. Discussion of helmet design
includes one-piece versus two-piece (shell and liner), one size versus multiple sizes, pad versus
multiple-web suspension, and area coverage. The current evaluation procedure, Casualty
Reduction Analysis, is also discussed.

The report concludes that the helmet program contained in the USAMC Five-Year Personnel
Armor System Technical Plan adequately addresses the major problem areas established by this
documentation. It concludes further that the systems approach is appropriate for problems of
incompatibility and for optimizing the total ballistic protection for the combat soldier.



FOREWORD

The work contained in-this report was funded by the U. 5. Army Natick Laboratories,
Natick, Mass., under project number 1J664713DL40. The original objective was to retrieve,
review and evaluate all pertinent data concerning the research, development, testing and
evaluation of the M1 steel helmet and liner. It soon became apparent that, to place the entire
helmet development program in perspective, the scope of the report should be expanded to
include the efforts that preceded the M1 helmet and those that have followed the adoption of the
M1 as the standard helmet.

The authors are extremely grateful for the assistance of Miss Jois Williams of the Biomedical
Library at Edgewood Arsenal, Md. Her technical competence and cheerful enthusiasm were a
major factor in the acquisition of the literature to document this report. The timely and unfailing
support of Mrs. Mary Starr in the voluminous typing is also gratefully acknowledged.
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: HISTOEICAI;' DOCUMENTATION OF THE INFANTRY HELMET

RESEARCH AND DEVELOPMENT

INTRODUCTION

" ‘The Human Factors Group of the Biomedical Laboratory at Edgewood Arsenal, Md., was
requested by the Human Engineering Laboratory to retrieve, review and-evaluate all pertinent
data concerning research, development, testing and evaluation of the M1 Steel Helmet and Liner.
This historical documentation was accomplished  as a Work Unit, HLR-5, 'of .the U. S. Arm
Materiel Command Five-Year Personnel Armor System Technical Plan (1971). —

The initial step was to retrieve all documents available on infantry helmets from t.he Defense
Documentation Center {DDC), Natick Laboratories Technical Library, Aberdeen Prqwng Ground
and Edgewood Arsenal Technical Libraries, Medical Literature Analysis Retrieval System

~(MEDLARS), and Scientific Technical Information Office (STINFO). '

<+t A chronological history of the U. S. infantry helmet from 1917 to 1971 was prepared from

‘the documents retrieved. To gain a perspective on the M1 helmet, it was concluded that a history
of all U; S. infantry hefmet development should be included, Therefore, the history covers the
M1917, M1917A1, M1 and all documented experimental models developed as candidate
replacements for these standard models up to 1971.

Specific problem areas were identified, general overviews of the problem areas encountered

:and' attempted solutions were traced. These problem areas are not mutually exclusive nor

-exhaustive and include ballistic protection with the associated problems of material, area

coverage, silhouette and weight, and lack of stability on the head {or suspension and retention).

The solution to ballistic-protection problems center on materials technology. The specific
goal is to increase protection, consistent with human factors, against the projected threat. -

.- OF equal importance to ballistic protection are human factors elements such ‘as weight,

~weightdistribution, presented target. area, off-sét from the head, ventilation, comfort, stability,

hearing, vision-area coverage and protective capability. These parameters directly influence
soldier acceptance and the probability of wear of any headgear under combat conditions.

Utilizing casualty reduction analysis and expressing protection in terms of casualty
reduction will enhance the combat soldier’s ability to understand and appreciate the capability of
any protective system. = © ' o

The developmental history shows that the problem areas discovered during development of
the M1 helmet and liner, as well as subsequent candidate helmets, are those addressed by the
USAMC Five-Year Personnel Armor System Technical Plan. This detailed plan will generate the
basic data to perform the trade-off analysis necessary to optimize future ballistic headgear as a
component of the overall ballistic protective system for the combat soldier.



The value of this report is that it establishes what has been done, what approaches have been
tried, and for what reasons they have been accepted or rejected. The documentation should
eliminate approaches offering little probability of success or illuminate areas previously rejected
for reasons that now appear invalid.

DEVELOPMENTAL HISTORY

The historical documentation that follows shows that infantry helmet research and

" development activity has increased during periods of hostility. Generally the period 1917-1971

can be divided into eras as foltows: World War |; 1920-1934; 1935-1840; World War II; post

World War 11 through Korea; post-Korea and Vietnam. |t is also evident that helmet research and
development over the years can be identified by category of effort.

World War |

The first U, S. Army protective helmet was the British Mk |, which was adopted during
Wortd War |, since the British could furnish helmets while the U, S, was setting up production.
The Mk 1, with a U. S, modification to the suspension system, was designated as the U. S, Model
1917. Concurrently, research was initiated to develop a “distinctly American’ helmet. The most
~ promising model, #5, was rejected as being too similar to the pot-shaped German field helmet.

1920-1934
Further testing of experimental models and retesting of the Model 5 between 1920 and

1934. In 1934, the M1917 was modified by the addition of hair-filled pads to the suspensmn
system and designated the IVI191 7A1.

1935-1940

The M1917A1 remained the standard U. S. helmet until 1940, when the Chief of Infantry
requested a new helimet, The TS3, a pot-shaped helmet shell with removable liner mcorporatmg a
suspension system, was then developed.

World War I

In 1941, the TS3 was tested and approved and designated the U. S. Steel Helmet, M1,
During the war, research and development efforts were initiated to improve that standard helmet.



Post-World War |1

After World War 11, helmet research and development continued in two main directions: (1)
to improve the M1 helmet and {2) to develop a heimet to replace the M1 as standard.
Product-improvement efforts have included research in ballistic materials for both the helmet and
liner, and research to improve the suspension/retention system.

New heimet-development programs have included ballistic materials and
suspension/retention systems and have also considered new shapes, sizes, etc. A specific
“requirement to lighten the infantry soldier’s load (the LINCLOE program) led to
‘ballistic-materials research principally in titanium, polycarbonates, nylon, and composites of
different materials. ' .

Post-Korea and Vietnam

In 1968 two specific helmet concepts were introduced. The siege helmet was an effort to
provide more protection for the head, at an increased weight, in non-mobile situations. The
Hayes-Stewart helmet was proposed to give greater coverage at decreased weight and to provide a
variety of sizes for greater comfort and stability.

The helmet-development chronology is completed with the approval of a complete and
" comprehensive development program, the USAMC Five-Year Personnel Armor System Technical
" Plan (1972). This plan includes both short-range and long-range development programs-to be
"“accomplished within the AMC Laboratories. Partial documentation of- helmet efforts during the
first year of this plan is included in the report.

HISTORY

Men wore heimets and armor for protection against enemy armaments as early as 1015 B.C.
Materials used included hair-fitled hides, quilted cloth, wood, and various types of metals. Since
the armorers of all eras have the task of providing protection, the quality of armor protection
increases with the technology of the times to counter the weapons of the times. Armor was also
often stylized to provide prestige, recognition and identification as well as protection. But the
- “sheer weight of armor required to protect the wearer defeated the mobility required on the
‘battlefield, and the advent of firearms in the 15th Century began a decline in use of armor.
Although specialized armor continued to be worn through the Napoleonic Wars and was reported
_in isolated instances in the American Civil War, helmets and armor had disappeared from the
dress of the U. S. soldier before World War 1. Excellent historical accounts of helmets and body
armor are provided by Crowell (72), Dean (76}, Studler (274), and Coates and Beyer (53 ).

_ The early stages of World War | emphasized mobility, but as the war progressed, it became
static qnd Qeveloped into trench warfare. Mobility became secondary to a requirement for
- protection in the trenches from artillery and mortar fire. All the authorities in the field give

‘Intendant-General Adrian of the French Army credit for re-instigating the use of a metal helmet
in World War .



Observing his troops in 1915 General Adrian learned that one of the poilus had been saved
from a serious head wound because he had been wearing his metal food-bowl, whereupon the
general had a steel skull-cap calotte made to wear under his kepi. Later convinced of jits
-effectiveness, he had helmets fabricated for the French Army which resembled the helmets of
firemen. These “casque Adrian,” were credited with providing at least partial head protectlon
against lower-velocity fragments.

The French completely equipped their army with helmets in 1915-1916, the British and
- Germans in 1915, and the Belgians and Italians in 1916. Of special interést is the Mk 1 helmet
issued to the British., When the U, S. entered the war in 1917, it had no helmet in its inventory.
The Army General Staff reviewed the helmets of its allies and provisionally selected the Mk 1 for
issue to U. S. troops. This helmet was already in production and could be bought from the
British, The Mk 1 was not ideal since it protected a smaller area of the head then the French and
was heavier than the French, but it was simple to manufacture and gave good ballistic protection.
Some 400,000 Mk | helmets were shipped to France between July and November, 1917, to equip
arriving U. S. troops. .

The Mk | helmet was made of manganese steel .036 of an inch thick, weighed appro><|matelv
two pounds, and contained an integral suspension system. When the U. S. started its own
production of helmets, it changed the metal alioy to improve ballistic performance (10%
_improvement over Mk 1) and modified the lining design to provide a cotton-twine mesh,
. Additionally, the cowhide chin strap was replaced with a web strap and a new buckle
arrangement was added. By February, 1918, 700,000 American-made helmets had been
delivered. By 11 November 1918, more than 2,700, 000 American M1817 helmets had been
produced.

Even while the M1917 was being tooled up and produced, the Army Ordnance Department
was engaged in developing experimental helmets to replace it. Design objectives of this
development were multiple: patriotic, to design a distinctly American helmet; diplomatic, to
avoid a charge of favoritism in selecting a foreign helmet; and functional, to provide a superior
hetmet for U. S. troops.

Numerous design models were developed in the period 1917 1918 to provude additional
protective coverage, improved ballistic properties, more adequate suspension, adaptabtllty ‘for
‘special applications (such as tank or aircraft operations), and a dlstlnctwe patriotic des:gn

Some 15 infantry and special-purpose models were developed. Models 2, 3, 4, 5A, 6, 8 and
10 were infantry helmets; 7 was a sentinel’s helmet; 9 was a machine gunner’s helmet; 12 was a
- tanker’s helmet; 14, 14A and 15 were aviators’ helmets; and the Liberty Bell was a varlant of
Model 4. All these models are described and illustrated in Dean (76). For a variety of réasons,
ranging from difficulty of manufacture to unacceptabllltv of design, none of the experlmental
helmets were adopted in World War I. : : ,

The most promising of these experimental models was Model 5A. it had a pot-shaped
design, weighed two pounds 6 % ounces, offered maximum protection for its welght and. was
claimed easy to produce. The Model 5A was. designed by the Metropolitan Museum of Art in
conjunction with the Ordnance Department, and it was strongly recommended by the General
Staa)ff The Swiss Model 1918 closely resembled the 5A but was independently developed. (Dean,
76



During the period 1918-1840, Ordnance Department research and develqpment contsquqd
to strive for an acceptable helmet that offered increased area coverage and |mprpved ballistic
protection when compared with the M1917 - M1917A1, and modified the suspension system to
make the helmet more stable and thus facilitate troop acceptance.

Comparative service tests of the 5A and M1917 were conducted in 1926 (27{1). The M_1917
was continued as the standard helmet because it afforded greater ballistic protection, was Iagh‘tgr
and interfered less with rifle firing. Further comparative tests of helmet-steel composition again
proved the M1917 superior, so in 1932 testing of pot-shaped helmets was stopped. In 1934 the
M1917 lining was changed to a hair-filled pad and the helmet standardized as the M1217A1
{274). This helmet weighed two pounds 6 ounces.

Between 1934 and 1940, Coates and Beyer report that a lull in helmet development
occurred until 1940, when the first draft call was issued, New overtures were made to American
industrial firms and to the Metropolitan Museum of Art in an attempt to improve the protective
coverage and ballistic limit of the M1917A1 helmet and to take advantage of recent advances in
steel alloy manufacture, liner materials, and mass production methods. In addition, a 2-piece
helmet was considered desirable to meet the increasing variety and complexity of tactical and
climatic conditions. The first problem to be solved was to determine the desired characteristics
and a satisfactory shape for a helmet. This problem was given to the Infantry Board, which stated
in a report:

Research indicates that the ideal shaped helmet is one with a dome shaped top and
generally following the contour of the head, allowing sufficient uniform headspace for
indentations, extending down in the front to cover the forehead without impairing
necessary vision, extending down on the sides as far as possible without interfering with
the use of the rifle or other weapons, extending down the back of the head as far as
possible without permitting the back of the neck to push the helmet forward on the head
when the wearer assumes the prone position, to have the frontal plate flanged forward to
form a cap style visor, and to have the sides and rear slightly flanged outward to cause
rain to clear the collar opening (274), B

~ These characteristics address the problems of providing increased area coverage for the
soldier's head, more stability than existed in the M1917A1, compatability with the soldiers
equipment and military tasks, (and therefore soldier acceptability}. Interestingly enough, the
Infantry Board mentioned neither increased ballistic protection nor weight.

. Based on the characteristics enumerated, a helmet was developed which basically was the
dome of the M1917 with the rim cut off, extended down on all sides, and flanged to provide a
visor and to allow rain run-off.

Matérials technology indicated that the best ballistic protection to be attained was provided
by the Hadfield manganese steel which had been used in the M1917. The pot-shaped helmet wa
'ghgn modified to improve the visual field and sized to provide a uniform standoff. .

The helmet was suspended and retained by a fiber liner which fitted into and could be
secured to the steel helmet. This liner incorporated a modified Riddell football-helmet suspension
system. The proposed helmet and liner system, designated as the TS3, had a total weight of three

pounds, with the steel shell weighing 2.3 pounds and the finer and suspension system weighing
0.7 pounds,



During testing at Ft. Benning and at Aberdeen Proving Ground, the TS3 receivec! favor.able
reports of more coverage, more comfort, more stability on the head, an acceptable visual field,
non-interference with rifie firing and a better-than-expected ballistic performance. Where the
M1917 specification required it to resist penetration by a 230-grain, caliber .45 bullet with a
velocity of 600 feet per second, the ballistic test of the TS3 required penetration resistance by a
similar bullet at 800 feet per second. A report from Aberdeen Proving Ground concluded that
“The experimentat helmet, TS3, is ballistically superior to the requirements for a military
helmet” (274).

The TS3 received a favorable report from the Infantry Board in February 1941 as a
successor helmet to the M1917A1 and it was standardized on 30 April 1941 as the Army M1
Helmet. It was approved on 9 June 1941.

When the M1 Helmet was standardized, the Ordnance Department was responsible for an
initial procurement of approximately 962,000 helmets, including liners. After the initial
procurement, the Ordnance Department retained responsibility for developing and procuring the
steel helmet and the Quartermaster Corps was assigned responsibility for developing and
procuring the helmet liner and suspension system.

Between 1941 and 1945 the Quartermaster Corps continued efforts to improve the M1
helmet liner and the Ordnance Corps continued efforts to develop an improved helmet shell.
During the period August 1941 to August 1945, 22,363,015 M1 helmets were produced (53).

The Quartermaster Corps went to work to improve the ‘“Hawley Type” compressed
paper-pulp finer, and by July 1944 had developed and type-classified an improved impregnated
cloth liner and improved headband and retaining clips. The neckband was modified so that it was
more comfortable, provided more stability, and was both detachable and adjustable. Between
1942 and 1945 more than 3,900,000 liners were procured,

The Office of the Quartermaster General commented that “‘Even more interesting than the
quantities procured is the variety of uses to which the [iner was put:

It served as a field hat in temperate zones, as a sun helmet in the tropics, as
protective headgear over a woolen cap or toque in cold climates, and of course as a lining
for the steel helmet in all combat zones. Furthermore, modifications of the liner were
used by jungle troops, parachutists, and armored troops.” (207)

Additionally, the Quartermaster Corps initiated work to ascertain the possibility of
replacing the liner and steel helmet with a plastic headgear which would be lighter vet offer
better ballistic protection. Out of this work came the plastic armor material known as “Doron””
{207). The Ordnance Corps made only one significant design change to the steel helmet assembly
between 1941 and 1945, modifying the chinstrap fastener to incorporate a bail and clevis device
which would automatically release at 15 pounds or more of pull. This redesign was incorporated -
to offset the possibility of injury to the cervical vertebrae under impact of a nearby detonation
blast wave (53). Troop acceptability was fairly high, but a common compiaint was lack of
stability of the M1 helmet (53}. '

Although the M1 Helmet was standardized, investigative work to improve the helmet was
continued. The Metropolitan Museum of Art, in conjunction with the Ordnance Department and
Aero Medical Laboratory, designed three new helmets, the T21, 22 and 23.



The T21 shell had a curvature in all directions at all points in the helmet, estat?lished
through anthropometric studies of the human head and purported to decrease size with no
sacrifice of area coverage, yet increase strength and protection. It weighed two pounds, three
ounces and was worn with the standard liner. The T22 was smalter than the T21 and was a
one-piece helmet, worn without a liner. The T23 was larger than the T21 and incorporated a
thicker liner,

Alternate ballistic materials investigated included Doron, and aluminum and nylon in
combination. Helmets and liners using the alternate materials were the T24, T21E1, Doron Type
1 liner for the M1, and the Type |l 24-ply nylon helmet.

~ The T24 heimet had an aluminum shell modeled after the M1, with a laminated nylon liner.
The T21E1 utilized the nylon and aluminum but was based on the contour pattern of the T21
{53).

_ In spite of research and development efforts to field a better helmet than the M1, none of

the experimental helmets proved to be sufficiently better than the M1 and none were
standardized during the time that the Ordnance Corps had development responsibility for the M1
Helmet, although Army Field Force Board No. 3 commented favorably on the T21E2 and Doron
Type Il in July 1946 (319}.

War Department Memorandum 30-5-2, dated 25 June 1947, assigned responsibility for
developing end items of body armor to the Office of the Quartermaster General.

. The period 1947-1951 saw research continuing on helmet and. liner designs and on new
material. The T21 was modified according to test report comments and became the T21E2,

_having additional coverage at the nape of the neck. However, with the additional coverage, weight

_increased to that of the M1. In January 1949, a decision was made to suspend development of
the T21E2 and the non-ballistic tankers helmet and to concentrate on an all-purpose helmet. The
first model was the EX49-3, which became the EX51 after test and modification, The EX51-1
was two-piece, having an aluminum shell and a 9-ply nylon liner. it had two sizes, small, to size 7
1/8, and large, size 7 and larger. The EX51-1 utilized the M1 suspension and weighed under three
pounds. It was extensively tested (319, 67, 165, 166, 69, 167, 170}.

Tests by Army Field Force Board No. 3 in 1952 concluded that the EX51-1 was unsuitable
for the Army Field Force, pointing out that it exposed a larger area of the head to missiles,
impaired hearing and interfered with communication equipment. Moreover, the hardware
attachments were both fragile and difficult to operate. in this report, Board No. 3 stated that it
had commented favorably in 1946 on the T21E2 and the Doron Type Il and concluded that they
were suitable for further development. The Board questioned the soundness of an “all-purpose
heimet’’ (319}. '

An Army Helmet Conference at the Office of the Quartermaster General in Washington, D.
C., 9-10 December 1952, decided to discontinue the all-purpose helmet and require two helmets
-- one infantry and one combat vehicle crewmen -- and developed the military characteristics for
these two hetmets.



In 1953, the Combat Helmet T53-2 and T54-1 Helmet Liner were engineering-development
(ED) tested and engineering service test (EST) quantitities of these items were produced for
testing in 1955. The T53-2 was a 35-ounce aluminum shell having a 15%-ounce nylon liner. It
increased the protected area by 10 percent, provided an improved suspension system, offered
better ballistic protection and was considered to be more compatible with the armor vest than
the M1.

The T54-1 was a four-ply 13 1/2-ounce nylon liner for the M1 steel shell. This ballistic liner
had a V50 of 800 feet per second {fps) and increased the V50 of the M1 steel shell and T54-1 to
1300 fps, an increase of 250 fps. It also incorporated an improved suspension system.

Extensive tests were conducted on the T863-2 helmet and the T54-1 liner.. These tests
included materials, ballistic, wound ballistic, and field testing (144, 247,248, 170,171, 173).
However, development of the two-piece T53-2 helmet was discontinued and efforts were
concentrated on improving the helmet liner. The T55-2 nylon liner evolved with improved ballistic
characteristics, and suspension. This liner was further tested and approved by Continental Army
Command {CONARC} and recommended for adoption in March 19568 (321).

Purchases were initiated in 1959 and the liner was type classified in 1961. This’ Ilner remams
the current standard.

In efforts to find an improved ballistic material for the shell, titanium was experlmentally
cold-formed in 1953, using the dies of the T63-2, Although weight was reduced from 38 ounces
for the M1 Hadfield steel to 27 1/2 ounces, the titanium experiment was considered unsuccessful.
Later attempts in 1957 attempted cold-forming titanium alloys, but these too were unsu_ccessful.

Interest continued in titanium-alloy helmets between 1965 and 1968, as the search

continued for metals to satisfy the Lightweight Infantry Clothing and Equipment (LINCLOE)
requirement for light weight, Four models were developed for test and evaluation:

TABLE 1

Titanium- Alloy Helmets Developed Between 1965 and 1968

Model Gauge. Shell Wgt Liner Wgt Total Wgt
Type | 0.045 230z 12 0z 350z
Type i 0.052 27 oz 12 0z’ 390z
Typelll  0.075 39 oz 12 oz 510z
Type IV 0.050 24 0z None 24 oz

(w/sus)




i i i i helmets were successfully
- Techniques were studied for mass-production forming and !
formed. The Army Materiel Systems Analysis Agency (AMSAA) congiucted ca_sualty-ref:lucnon
studies on the 24, 39 and 51-ounce models and concluded that protection was directly reiated to
area coverage and weight (328, 366, 241, 348).

Design studies were initiated in 1956. A contract was let to Egmont Arens to des1.gn,
develop and evaluate helmet models. In 1957, a contra_ct was let to Cornell Aeronaut.lcal
Laboratory (86) to further evaluate the nine concepts submltted_by Arens, to dev-elop aone-piece
helmet concept, and to develop, fabricate and evaluate suspensions and suspension systems for
the T53-2, the standard M1 and the CVC helmet. From their work and from a review of Arens, a
determination was made that a one-piece helmet with a movable neck shield shgwed the most
promise (10}. Cornell then modified this design, developed the Cornell One-Piece Shel[,' and
recommended that the “visor-type'’ helmets be submitted for field tests. No data was retrieved
from the literature of any tests that were conducted; however, the concept to date had not been
accepted. o

Material studies had been carried on to evaluate the ballistic qualities of candidate materials
for helmets and body armor (180, 99, 315, 261, 100, 101, 102, 103, 104, 105, 106, 50, 57, 150,
151, 184, 185, 94, 95, 88, 135, 136). Attempts continued to form titanium as a helmet, and in
1965 a suitable mass-forming technique was developed to produce a titanium-alloy M1 helmet
with increased ballistic protection at no increase in weight. : :

In 1965 the Quartermaster established a project called “’Design Criteria for Combat Infantry
Headgear.” Also in 1965, a QMR generated a need for a lightweight heimet as a component. of
the “System of Lightweight Individual Combat, Clothing and -Equipment Development
(LINCLOE}" {341). This development project had as its goal a 24-ounce helmet for the infantry
soldier to provide protection against fragmentation-type weapons. The program was initiated
with two objectives: ST

(1) A lightweight interim helmet {35 oz.)
(2) A lightweight heimet (24 oz.}.

Two approaches were followed — a one-piece nylon similar to the nylon liner incorporating a
suspension system, and a two-piece polycarbonate helmet, having a polycarbonate shell and a
nylon {iner. Later, a one-piece titanium was added, similar to the nylon liner,

Simultaneously, contracts were let for suspension development and for casualty-reduction
studies. The one-piece nylon work ceased when it was found that it was not equivalent to the M1,
The one-piece titanium shell (24 oz.) was eliminated ballistically. The two-piece polycarbonate
was eliminated because of poor resistance to hydrocarbons and to ultraviolet radiation.

In an Army Materiel Command {AMC) Helmet Conference held 16 May 1968, Brigadier:
General Hayes, Office of the Surgeon General, and Mr. George Stewart, Edgewood Arsenal,
presented their concept of a new helmet design for use in Vietnam. The design resembed a
Roman helmet with protection to the forehead, skull, back of the neck and temples; however, it
was cut out over the ears. The one-piece helmet would incorporate a removable cushion-type
suspension with a combination chin-nape strap. It would be constructed of nylon and have nine
sizes. A test was conducted by the Infantry Board to determine stability, compatibility with
equipment, evaluation of human factors engineering, soldier opinion of comfort, and soldier
acceptability. Several shortcomings were found: the helmet was incompatible with the M17A1
mask and with body armor; it reduced vision for parachutists; and it was generally not properly
human factors engineered. However, it was also found to be more stable and preferred by soldiers
(111). In July 1969, AMC directed that a parallel effort be pursued (351). This effort would
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include further work on the Hayes-Stewart Helmet and on a helmet that would be -completely
responsive to the Qualitative Materiel Requirement (OMR), since the Hayes-Stewart will not meet
the QMR. The weight is to be approximately 24 ounces, but one or two additional ounces would
not be an over-riding constraint if studies indicate such a requirement. Additionally, equal
protection level is defined as:

Providing equal ballistic protection to an area of the head equal to that covered by
the M1 Hadfield Steel Helmet against all 4 fragment simulators (1.35, 5.185, 17 and 44
grains) fired at 0 and 45 degrees obliquity {351).

Natick Laboratories (NLABS) requested the Army Materiel and Mechanics Research Center
{(AMMRC} on 27 August 1969 to recommend materials for both an interim and an optimum
item. AMMRC replied on 13 November 1969 that an M1-configuration titanium helmet with -
standard nylon liner would meet the ballistic requirements and weigh 39 to 41 ounces, AMMRC
also provided details on an experimental composite material for the optimum helmet.

An October 1969 engineering design test (EDT) to determine the compatibility of the
modified Hayes-Stewart Helmet with standard fatigue uniform, body armor and mask with hood
was reported from the USA General Equipment Test Activity, December 1969. This report
generally conciluded that the helmet was compatible with the clothing and mask, but
incompatible with the 12-ply body armor; and that the foam-pad suspension system was not
satisfactory, although it was more comfortable and equal to the M1 with respect to stability,
preference and effect on performance. This report recommended redesign to overcome these
aspects and further testing (157).

While development and testing was continuing on the LINCLOE program, efforts continued
from 1966 through 1968 on the M1 Steel Helmet Product Improvement Program. These efforts
resulted in a correlation of helmet thickness-V50 ballistic limit which allowed a
thickness-inspection plan {259) of helmets fabricated from dual hardness steels. These steels were
superior to Hadfield steel but ballistically inferior to titanium alloy. : ‘

In 1968 AMC directed NLABS to pursue development of a Siege Heimet {349, 341). Work
was contracted for a suspension system and AMMRC was requested to recommend armor
material. In the LINCLOE in-process review {IPR} in December 1969, a decision was made to
hold this program in abeyance. :

In December 1969, AMC directed that a program be initiated to provide. information
required for the development of LINCLOE and other new helmets. There was an acknowledged
information gap in data required to provide a helmet for the 99th percentile population,
Consequently, in January 1970, representatives of AMC, the Ballistic Research Laboratory
(BRL), the Human Engineering Laborataory (HEL), Edgewood Arsenal, AMSAA and AMMRC
met with NLABS to establish plans for an in-depth program. By March 1970 a draft
helmet-development plan was prepared and submitted to AMC in July for incorporation into the
overall Five-Year Personnel Armor System Technical Plan published in March 1971 (351, 330).
The helmet program is divided into two phases, a short-range program and a long-range program,.

Table 2 lists the work units of the long-range program (330). The short-range program has not
been included in tables.
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TABLE 2

Helmet, Infantry — Development
{Long Range}

WORK UNIT (1498)

FUNDING 103

TECHNICAL AREA No, ‘ Description | ABORATORY] 71 2 73 |1 74 75 76
Anatomical Analysis 1 | Helmet, Infantry - Mathematical Model of the -Head ARDC-BRL
Helmet, Infantry - Verification of Math. Model of Head NLABS
3 | Helmet, Infantry - Configuration and Production of NLABS
Research Prototypes
Human Factors Anélysis 4 | Helmet, Infantry - Sizing Evaluation of Prototype Helmets | NLABS
5 {Helmet, Infantry - Documentation of M-1 Helmet & Liner ARDC-HEL
6 [Helmet, Infantry - Effect of Helmet Form on Hearing ARDC-HEL
7 {Helmet, Infantry - Human Factors Engineering Support ARDC-HEL
8 {Helmet, Infantry - Physiological Evaluation ARIEM
Casualty Criteria Analysis 9 {Helmet, Infantry - Casualty Reduction Studies ARDC-AMSA A
NLABS
10 [Helmet, Infantry - Casualty Criteria ARDC-BRL
Materials Development & 11 [Helmet, Infantry - Ballistic Testing ARDC-EBRL
Evaluation
12 [See Table IV for Materials Program . IAMMRC , NLABS
Threat, Tactical Doctrine 13 |Helmet, Infantry - Tactical Doctrine Interface NLABS
14 { Helmet, Infantry - Threat Analysis ARDC- AMS A A
Systems Development Plan 15 | Helmet, Infantry - Systems Development Plan NLABS
: JARDC-AMSAA
IARDC-HEL
WRDC-BRL.

Funding levels are not included. This information is available from USANLABS on a need-to-know basis.
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TABLE 2 (Continued)

TECHNICAL AREA

WORK UNIT (1498)

Systems Development Flan

Reliability & Maintainability 16

Design & Producibility
Technology

Coordinated Testing &
Evaluation

Utilization Doctrine
Production Engineering

Specifications & Quality
Assurance

FUNDING 103
S

11

12

13 14

15

16

fNo. Description RATCRY
15 |Helmet, Infantry - Systems Development Plan” (cont. ) AMMRCGC
CcDC
CONARC
Helmet, Infantry Reha.b1l1ty and Maintainability NLARBS
Criteria
17 § Helmet, Infantry - Suspension Studies NLABS
§18 § Helmet, Infantry - Retrieval and Analysis of Design Data] NLABS
19 Helmet - Infantry - Fabricate Experimental Helmets NILABS
201 Helmet, Infantry - Fabricate ET/ST Helmets NLABS
21 Heimet, Infantry - Coordinated Test Plan NLABS
22| Helmet, Infantry - Establishment of Utilization Doctrine NLABS
2'3. .-Hel.rnet, Infantry - Production Engineering Effort NLABS
24 Helmet, Infantry - Establish Systems Specifications NLABS
25| Helmet, Infantry - Establish a Type B2 MIL STD 490 _ NLABS
e Critical Item Developmental Spec. e
26 | Helmet, Infantry - Establlsh a Type C2b MIL-STD-490" NLABS
Critical Item Product. Fabrication Spec.
27| Helmet, Infantry - Establish System Technical Data Pkg.| NLABS
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TAB'— E 2 (C_on_tinLled)

TECHMNICAL AREA

‘ ~ WORK UNIT (1498)

Feacrigtion :

Final Evaluations

Personnel & Training
Requirements

Management Review

281 Helmet, Infantry - Engineering and Service Te’sting
294 Helmet, Infantry - _Pérsc_)nnel and Training

30 | Helmet, Infantry - Annual Technical Review of Plan

FUNDING 103

N

I s

Total Funding/FY

Program Total

Funding by Laboratories

#Funded Outside the. Pi'ograrﬁ

USABAAR




On 13 September 1971 a presentation was made to the Military Personnel Supplie_s
Committee on Helmets of the National Academy of Science's National Research Council
Advisory Board in Washington wherein the Five-Year Armor Program was introduced by NLABS.
Work accomplished within that program was presented by NLABS, Edgewood Arsena!, BRL,
AMMRC and AMSAA in the areas of Ballistic Materials Studies, Casualty Reduction Studies, The
‘M1 Helmet Documentation, Studies to Improve the M1 Suspension, Algorithm for Sizing
Helmets, and Human Engineering.

At the Working Committee Meeting No. 3 at HEL, APG, Md. on 15-16 December 1971,
William C. Wright, program manager of the Five-Year Personnel Armor System Technical Plan,
presented ‘‘Recommendations to Establish Standardized Casualty-Reduction Analyses
Reporting’’ (324).

These recommendations were adopted by the committee with the addition of the M-43A1
Grenade as a threat. No documentation on these recommendations has been provided beyond
this date.

BALLISTIC PROTECTION

Protection to the head involves a combination of many factors including environmental
protection, eye protection, hearing protection, protection from concussive shock, compatibility
with equipment such as the gas mask and communication equipment, comfort, and protection
against the multiples of combat threats such as the threat posed by ballistic missiles.

The ballistic threat must be defined and analyzed; then protective headgear must be
designed to afford the optimum protection consistent with the other factors involved, The true
protection requirement, then, results from trading off many parameters, with the major
constraints being primarily materials capability and human factors considerations. This
systematic approach to protective headgear is currently being pursued under the USAMC
Five-Year Personnel Armor System Technical Plan. The ballistic threat for the development of
the new generation of personnel armor has been established by the Foreign Science Technology
Center and further refined by AMSAA for inclusion in the AMC Armor Plan as Classified
Appendix |V,

The ballistic threat from a casualty-producing standpoint has been shown to be primarily
from fragmenting-type munitions, as reported by Dean {76}, Coates and Beyer {53), Wound Data
and Munitions Effectiveness Team (WDMET) and others.

Although the threat has been established as that of fragmenting munitions, the replication
or simulation of this threat for evaluating armor materials and end items has been a major
problem.

The section on “The Evolution of Ballistic Test Methods and Test Projectiles for Evaluating

Armor Materials” which follows is a direct copy of Appendix A of reference 18 and is included
in its entirety. '
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The Evolution of Ballistic Test Methods and Test Projectiles
For Evaluating Armor Materials

Ballistic evaluation of lightweight fragment-resisting armor by simulation of §eryice'
conditions of attack has been a continuously changing problem because of new specialized
weapons and materials which are continually being introduced.

During World War |, fragment-resisting armor (the first U. S. modern helmet1), was
tested with caliber .45 ball ammunition only because it was a standard service round which could
be defeated by the helmet. Consequently this ammunition was adopted for evaluating the
ballistic performance of fragment-resisting armor. As the years passed on, this test was questioned
by many research laboratories and testing stations. The mechanism of penetration by the very
deformable mushrooming pistol balt projectile is markedly different from that of steel or cast
iron shell fragments which were the major cause of battlefield casualties. Armor materials that
offer superior resistance to caliber .45 ball ammunition may provide reduced resistance to HE
shell fragments. It has also been found, to the great confusion of testing facilities, that the caliber
45 ball, M1811, ammunition was far from being sufficiently uniform in production and in
ballistic performance to be satisfactory for use in ballistic testing and evaluation. (The lack of
uniformity did not affect its suitability for combat use}. This test was replaced by one using a
fragment-simulating projectile.

Another early empirical approach was the array test (or arena test, ““Yankee Stadium”
test). A test was conducted by placing test samples in a circular arrangement2 (varying the radius
from the point of detonation) and detonating a HE shell placed at the center of the circle: These
tests were evaluated on a statistical basis in an effort to obtain reliable and reproducible results.
The ballistic characteristics of the armor were expressed in a number of ways, such as (a} the
number of perforations per unit area of armor surfaces; (b) the percent of impacting fragments
which perforate the armor; and {c) the residual energies of perforating fragments which may be
evaluated by means of a series of witness plates placed behind the armor, The number of witness
plates one behind the other, which could be perforated provided an index of the residual energy
possessed by the fragments. A large area was needed to conduct these tests, which were very
costly since many samples were placed around the shell in order to obtain statistical data. This
type of test is still employed occasionally. This test suffers from the limited sampling by the
armor of the non-uniform distribution of fragment sizes, shapes and weights. The results are
dependent upon the selected height of burst; the detonation is static instead of dynamic; no
information is obtained that associates fragment weight and velocity with penetration.

A similar tes% which was employed to evaluate personnel armor, was set up by the
Army Ordnance Corps” during World War |l. Armor materials were tested by a controlled
fragmentation side-spray test. A 20MM shell, HEI MK-I, was statistically detonated inside a
" rectangular or triangular box test set-up. Three or four recovery boxes 12'x12"" were used to
recover the fragments that perforated the armor samples being tested. {See Figure | for a
triangular test arrangement}. A total of twenty 2024-T3 aluminum alloy sheets, 0.020" thick;
were spaced at one-inch intervals behind the armor samples, The 20MM shell was suspended
nose-up in the center of the square or triangle, and the shell was statically detonated. The HE |
fragments which perforated the test panels were recovered and identified as to the box and zone
number in which the fragments came to rest. The firing process was repeated until the desired
number of samples had been tested. The recovered fragments were weighed and the weighted
totals computed accordingly to set standards. Some of the disadvantages of these tests were: (1)
they were cumbersome; (2) they required a large quantity of test panels; (3) they were expensive
to perform; (4) they vielded data difficult to reduce to simple expressions of ballistic merit such
as a merit factor or a ballistic limit. Other disadvantages cited for the array test also apply here.
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A contrc&"ed forward spray type of test was employed by the Naval Proving G_roqnd,
Dahlgren, Virginia™, for rating lightweight armor materials. In this test a 20MM HEI shell is fired
with a striking velocity of 2700 + 50 feet per second at a 0.125” cold-rolled mild steel plate
(hardness of RB5Q £10), which is called a triggering plate since it detonates the HE shell. The
armor sample which is being tested is mounted normal to the line of fire and three feet beyond
the triggering plate. The triggering plate is positioned so that the projected line of fire passes
through the center area of the triggering piate and through the center area of the test sample. The
result of any round whose center of impact on the mild steel triggering plate is greater than 5"
from the center of the detonating plate is discarded. The firing process is repeated for a number
of samples. A statistical analysis is made on the number of complete penetrations obtained for
given areal densities of armor. The material which has the Jeast number of penetrations for a given
areal density is rated as the best from a protection viewpoint. This test has the characteristics
cited for the array test except it is a dynamic test. However, the triggering plate provides
additional fragments that impact the armor. :

Multiple cube testing was investigated after World War 1. In this test approximately 31
cubes of uniform weight were fired in a phenolic plastic sabot, The 3/16", 1/4”,5/16", 3/8" and
1/2" cubes employed weighed 13, 31, 61, 104 and 245 grains respectively, and were hardened to
a hardness of Rockwell *“C”” 23 to 28, The plastic sabot which contained the number of cubes-of
uniform size was fired from